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1.  Introduction 


The  Ballistic  Vulnerability/Lethality  Division  (BVLD), 
Survivability/Lethality  Analysis  Directorate  (SLAD)  of  the  Army  Research 
Laboratory  (ARL)  is  involved  in  a  variety  of  programs  that  require  detailed  infor¬ 
mation  about  the  required  capabilities  of  combat  equipment.  First,  the  BVLD  is 
conducting  a  series  of  full-scale  vulnerability  tests  on  a  number  of  combat  sys¬ 
tems.  Prior  to  these  full-scale  tests,  analytical  vulnerability  analyses  are  per¬ 
formed  to  aid  in  the  development  of  the  test  plan  and  to  provide  insights  into 
possible  outcomes.  In  addition,  the  BVLD  is  implementing  the  Degraded  States 
Vulnerability  Methodology  (DSVM)  for  a  variety  of  combat  systems  (Abell, 
Roach,  Starks,  1989;  Abell,  Burdeshaw,  Rickter,  1990).  Both  efforts  require  infor¬ 
mation  on  the  capabilities  of  the  combat  system  to  perform  mission-essential 
functions.  To  satisfy  this  requirement,  the  BVLD  conducts  component-level  vul¬ 
nerability  analyses  on  subsystems  of  the  target,  which,  if  damaged,  can  affect  the 
performance  of  one  or  more  of  the  system’s  combat  functions  (Ploskonka,  Muehl, 
and  Dively,  1988).  These  component-level  vulnerability  analyses  employ  fault 
tree  analysis  to  describe,  at  the  component  level,  system  capabilities  and  capabil¬ 
ity  levels.  This  report  describes  the  use  of  fault  tree  analysis  within  the 
vulnerability/lethality  (V/L)  framework  and  discusses  applications  in  other  areas 
as  well  as  future  efforts/requirements. 

2.  V/L  Process  Structure 

To  understand  the  value  of  fault  tree  analysis  one  first  must  have  an  appre¬ 
ciation  of  the  Vulnerability/Lethality  taxonomy  as  defined  by  Klopcic,  Starks, 
and  Walbert  (1992).  A  brief  discussion  is  provided  here. 

The  basis  for  the  taxonomy  of  V/L  Spaces  comes  from  the  recognition  that 
V/L  analyses  pass  through  distinct  levels  of  information  in  a  precise  order.  These 
levels  are: 

Level  1:  Threat-Target  Interaction,  or  Initial  Configuration 
(including  Initial  Conditions), 

Level  2:  Target  Component  Damage  States, 

Level  3:  Target  Capability  States,  and 

Level  4:  Target  Combat  Utility. 


From  the  Target  Capability  States  can  be  derived  the  various  mission-oriented 
losses  of  function  such  as  “Firepower  Kill”  and  “Mobility  Kill”. 
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The  mappings  by  which  one  passes  from  one  level  to  the  next  are  dependent 
on  different  kinds  of  information  at  each  level.  For  example,  going  from  Level  1 
to  Level  2  (threat-target  initial  configuration  to  target  damage)  essentially 
involves  physics;  going  from  Level  2  to  Level  3  (target  damage  to  capability) 
requires  engineering  measurement.  The  process  is  shown  pictorially  in  Figure  1. 

It  is  important  at  the  outset  to  differentiate  between  “Levels”,  which  are 
composed  only  of  states  of  existence,  and  the  “mappings”,  operators  --  with  the 
data  and  algorithms  to  which  they  have  access  --  which  relate  a  state  at  one  level 
to  a  state  at  another. 

A  Level  contains  all  the  information  required  to  define  the  state  of  the  sys¬ 
tem  at  the  associated  stage  of  a  V/L  analysis/experiment.  At  each  level,  one  can 
define  a  space  of  points,  each  point  being  a  vector  whose  elements  correspond  to 
the  status  of  a  particular  entity  related  to  the  target.  For  example,  in  Space  2 
(Damage  States),  each  element  may  refer  to  the  status  of  a  particular 
component/subsystem.  The  spaces  thus  defined  are  the  “V/L  Spaces”,  and 
represent,  at  each  level,  the  state  of  the  target  system. 

A  Mapping  represents  all  of  the  information  (physics,  e  .gineering,  etc.), 
known  or  unknown,  required  to  associate  a  point  in  a  space  at  one  level  with  a 
point  in  a  space  at  the  next  level.  Mappings  have  access  to  information  such  as: 
fundamental  data  (penetration  parameters  (Level  1  to  Level  2],  leakage  rates 
[Level  2  to  Level  3],  etc.);  intermediate  data  generated  by  the  mapping  (line-of- 
sight  thicknesses  [l  to  2],  temperature  rise  in  an  uncooled  engine  [2  to  3]);  and 
algorithms  (depth  of  penetration  [1  to  2],  fault  trees  [2  to  3]  or  [3  to  4]). 

The  V/L  experimental  and  analytical  processes  can  then  be  expressed  as  a 
series  of  mappings  which  relate  a  state  vector  in  one  space  (the  domain)  to  a 
resultant  state  vector  in  a  next  higher-level  space  (the  range). 

Note  that  at  each  transition  to  the  next  level,  some  detail  about  the  target 
system  may  be  lost:  a  broken  bolt  in  Level  2  may  be  the  cause  of  degraded 
mobility  influencing  mission  effectiveness,  but  at  Level  3,  the  bolt  is  no  longer 
recognized  as  an  entity.  It  is  now  widely  acknowledged  that  skipping  over  levels 
(such  as  inferring  remaining  combat  utility  directly  from  the  size  of  the  hole  in 
the  armor)  loses  so  significant  an  amount  of  information  that  continuity  and 
auditability  are  lost. 

As  the  taxonomy  evolved,  its  application  to  areas  other  than  V/L  analyses 
were  recognized.  These  areas  include,  but  arc  not  limited  to,  Reliability,  Availa¬ 
bility  and  Maintainability  (RAM)  and  Battle  Damage  Repair  (BDR)  analyses; 
these  will  be  the  subject  of  discussion  later  in  this  paper. 
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Figure  1.  The  Vulnerability /Lethality  Process  Structure 


3.  Criticality  Analysis 

Fault  tree  analysis,  which  is  used  at  several  levels  within  the  V/L  taxonomy 
just  described,  has  its  foundations  in  reliability  theory  (Ploskonka,  Muehl,  and 
Dively,  1988).  First,  one  can  think  of  a  combat  system  as  being  composed  of  a 
number  of  systems  where  each  system  is  a  set  of  components.  The  performance 
of  a  component  is  binary;  that  is,  the  component  has  a  value  of  "l"  if  it  is  func¬ 
tional  and  "0"  if  it  is  nonfunctional.  (Note,  binary  functionality  of  components 
and  systems  is  an  assumption  of  the  current  set  of  models  providing  the  founda¬ 
tion  of  this  report.  One  could,  given  an  appropriate  continuous  function,  model 
functionality  as  a  continuous  process.)  Additionally,  one  assumes  pairwise 
independence  of  the  components.  Initially,  the  analytical  determination  of 
whether  a  particular  system  (or  subsystem)  is  functional  starts  with  connecting  all 
of  its  components  together  in  the  form  of  a  series/parallel  construct;  these  con¬ 
structs  are  normally  referred  to  as  fault  trees.  A  construct  listed  in  series  will  fail 
when  at  least  one  of  its  components  fails.  For  a  parallel  construct,  at  least  one 
component  in  each  branch  must  fail  in  order  for  the  construct  to  fail.  Many  sys¬ 
tems,  however,  consist  of  both  series  and  parallel  constructs;  here,  a  network 
diagram  can  be  developed  to  show  the  functional  relationship  of  the  components. 
This  network  diagram  indicates  the  system  will  function  if  one  is  able  to  trace  a 
functioning  path  from  top  to  bottom.  Figure  2  provides  examples  of  different 
fault  tree  configurations  used  by  the  BVLD;  a  later  subject  of  this  report  will  be 
the  expansion  of  these  forms  to  permit  modeling  of  more  complex  systems.  It  is 
noted,  though,  that  a  number  of  sources  of  subjectivity  enter  into  the  process  of 
determining  these  fault  trees;  a  few  are  listed  here  for  clarity: 

Which  components  should  be  included? 

-  how  is  this  component  defined? 

-  is  it  critical  to  system  effectiveness? 

What  constitutes  a  system? 


In  vulnerability  analysis,  the  just-described  process  is  referred  to  as  a  criti¬ 
cality  analysis.  A  fully  functional  combat  system  is  analyzed  system  by  system  to 
determine  which  ones  contribute  directly  to  mission  functions.  Each  system  is 
described  via  a  fault  tree  and,  as  indicated,  is  basically  the  determination  of  1) 
which  components,  if  lost,  might  result  in  a  reduction  of  system  capability,  and  2) 
the  structuring  of  these  "critical"  components  into  a  fault  tree  format.  The  ele¬ 
ments  are  assumed  to  be  independent  and  the  order  within  the  fault  tree  is  not 
important  (though  it  should  be  noted  that  this  assumption  does  not  hold  for  more 
general  Boolean  constructs).  The  basic  idea  is  to  be  able  to  trace  a  path  from  t  he 
top  of  the  fault  tree  to  the  bottom.  If  no  path  is  found,  the  functionality  enabled 
by  that  set  of  components  is  lost. 
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Series  Fault  Tree  Structure 


Parallel  Fault  Tree  Structure 


Figure  2.  Example*  of  Fault  Tree  Configurations 


A  number  of  criticality  analyses  have  been  performed  by  the  BVLD  and  a 
portion  of  one  for  an  armored  fighting  vehicle  (AFV)  is  provided  here  as  an  exam¬ 
ple.  The  analysis  of  the  AFV  (Ploskonka,  Muehl,  and  Dively,  1988)  was  con¬ 
ducted  with  respect  to  three  combat  functions:  mobility,  firepower,  and  communi¬ 
cations.  These  functions  were  further  divided  in  the  contributing  systems  for 
which  fault  trees  were  then  developed.  We  will  examine  one  of  the  subsystems 
within  the  mobility  function;  specifically,  a  requirement  within  the  electrical 
power  system.  In  developing  the  criticality  analysis,  Ploskonka  et  al.  divided  the 
electrical  system  into  five  subsystems,  one  of  which  was  master  power  control. 
Master  powm*  control  is  the  set  of  components  required  to  control  the  flow  of  elec¬ 
tricity  to  the  vehicle  and  was  determined  to  have  parallel  sources  for  turning  on 
the  vehicle  master  power.  Both  the  commander  and  driver  could  turn  it  on;  thus, 
both  of  these  controls  would  have  to  be  lost  to  cut  supply  of  power  to  the  entire 
vehicle.  This  functioning  is  reflected  in  a  parallel  construct  in  the  fault  tree  by 
including  the  components  for  both  the  commander’s  and  gunner’s  controls. 
Furthermore,  two  other  components  were  deemed  essential,  the  cable  2WIP3  and 
the  hull  networks  box.  The  loss  of  either  would  result  in  loss  of  vehicle  power; 
each  was  listed  in  the  fault  tree  using  a  series  construct.  Figure  3  displays  the 
fault  tree  developed  for  this  subsystem. 

This  procedure  is  followed  for  each  identified  system.  Smaller  subsystems 
composed  of  critical  components  are  developed  first.  These  subsystems  can  then 
be  combined  in  fault  trees  to  represent  higher  order  systems.  For  example,  the 
master  power  control  subsystem  just  discussed  is  part  of  a  more  sophisticated  sys¬ 
tem  representing  electrical  power.  These  fault  trees  are  combined  into  progres¬ 
sively  higher  order  systems  until  one  sophisticated  system  is  developed  for  each 
combat  function  identified. 

The  functioning  of  each  system  and  subsystem  is  determined  by  consulting 
engineering  blueprints  and  by  talking  to  the  contractors  and  the  project 
managers.  In  their  report,  Ploskonka,  Muehl,  and  Dively  (1988)  provide  a  more 
detailed  discussion  of  the  AFV  criticality  analysis. 

4.  Capability  Levels 

The  criticality  analysis  provides  input  to  live  fire  test  planning  in  BVLD.  It 
also  provides  the  starting  point  for  defining  capability  levels,  or  performance  lev¬ 
els,  for  a  combat  system  for  use  in  the  DSVM.  The  DSVM  identifies  the  required 
functional  capabilities  of  a  combat  system  (i.e.,  mobility,  firepower,  acquisition, 
etc.).  These  required  capabilities  are  then  further  divided  into  degraded  capabili¬ 
ties,  within  each  of  the  functional  categories  (i.e.,  reduced  speed,  reduced  rate  of 
lire,  reduced  acquisition,  etc.),  which  describe  varying  degrees  of  degraded  but 
operational  states.  Killed  components/systems  for  a  given  target/warhead 
interaction  are  mapped  into  these  degraded  capabilities  through  fault  tree 
analysis.  This  mapping  permits  calculation  of  the  probabilities  of  the  combat  sys¬ 
tem  being  in  one  or  more  degraded  capabilities.  Table  1,  provided  as  an  example, 
lists  capability  levels  for  the  mobility  capability  associated  with  an  AFV. 
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MASTER  POWER  CONTROL 


Figure  3.  Master  Power  Control  Fault  TYee 


TABLE  1.  Example  Mobility  Capability  Levels  for  an  AFV 


*  No  mobility  damage 

*  Slight  reduction  in  speed  (<  or  =  30%) 

*  Significant  reduction  in  speed  (>  30%) 

*  Total  immobilization 


A  strawman  set  of  fault  trees  is  developed  for  each  capability  level,  starting 
with  the  criticality  analysis.  For  the  AFV,  the  systems  developed  in  the  critical¬ 
ity  tree  were  mapped  into  appropriate  capability  levels.  Different  systems  can 
map  into  the  same  capability  level.  For  example,  both  engine  power  and  vehicle 
electrical  power,  stems  developed  in  the  criticality  analysis,  map  into  the  "total 
immobilization"  capability  level.  Similarly,  different  capability  levels  can  be 
affected  by  the  same  system,  e.g.,  the  electric  power-hull  system  affects  both 
"significant  reduction  of  speed"  as  well  as  a  firepower  capability  level  called 
"unable  to  fire  on  the  move".  In  addition,  individual  components  which,  if  lost, 
can  result  in  the  achievement  of  a  capability  level  were  also  included  in  the  fault 
trees.  The  loss  of  the  first  hub  right  would  achieve  a  significant  reduction  in 
speed  for  the  AFV  and  was  therefore  included  in  the  fault  tree.  Figure  4  presents 
the  fault  tree  configuration  for  "significant  reduction  in  speed". 

Once  a  set  of  strawman  fault  trees  is  developed,  the  entire  set  is  reviewed 
for  accuracy  by  experts  on  the  combat  system.  Their  comments  and  suggestions 
may  be  incorporated  and  the  fault  trees  updated.  This  finalized  set  is  then  used 
in  the  DSVM  to  analyze  the  residual  capability  of  the  combat  system  after  it  has 
encountered  a  damage  mechanism. 

A  clear  advantage  of  fault  tree  analysis  for  both  the  criticality  analysis  and 
the  determination  of  capability  level  is  the  auditability  and  correctability  afforded 
the  analyst.  Updates  or  modifications  are  easily  made  if  changes  are  required,  for 
example,  due  to  combat  system  improvements.  This  process  is  made  simplier  by 
the  automation  of  the  fault  tree  process  by  the  Vulnerability  Methodology  Branch 
(VMB)  and  the  Logistics  and  Tactical  Targets  Branch  (LTTB),  both  of  the 
BVLD. 
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State  M2  -  Reduced  Speed,  Significant 


*  denotes  system  of  components 

Figure  4.  Significant  Reduction  in  Speed  Fault  Tree 
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5.  Fault  Tree  Automation 


The  process  of  developing  fault  trees  was  automated  by  VMB  through  the 
development  of  a  computer  program,  called  the  Interactive  Criticality  Evaluator 
(ICE)  (Moss,  1985).  ICE  allows  the  analyst  to  visually  inspect  each  fault  tree, 
make  any  necessary  changes  and,  when  satisfied,  generate  both  a  pictorial 
representation  of  the  fault  tree  and  a  mathematical  equation  which  describes  the 
Boolean  arithmetic.  This  equation  represents  the  series  and  parallel  logic  and  can 
be  inserted  into  any  computer  code  which  requires  it.  For  example,  within  the 
DSVM,  for  each  capability  level  articulated,  ICE  is  used  to  generate  both  the  pic¬ 
ture  and  the  mathematical  equation.  These  equations  are  then  inserted  in  the 
DSVM,  which  uses  them  to  evaluate  sets  of  damaged  components.  Sets  of  dam¬ 
aged  components  are  mapped  through  these  mathematical  equations  to  determine 
which  capability  levels  have  occurred.  Once  the  appropriate  files  have  been 
developed  on  the  computer,  updates  or  modifications  can  be  made  quickly  and 
easily. 

Further  automation  was  accomplished  by  the  LTTB,  which  created  the 
Interactive  Criticality  Development  Utility  (ICU)  (Hunt  1992).  Similar  to  ICE, 
ICU  allows  users  to  quickly  build  fault  trees  in  a  Silicon  Graphics  (SGI)  graphics 
window.  ICU  creates  a  pictorial  representation  as  well  as  assembles  the 
mathematical  equations  representing  the  fault  tree.  Files  can  be  stored  and 
edited  as  needed. 

6.  Additional  Uses  for  Fault  Tree  Analysis 

The  use  of  fault  tree  analysis,  however,  is  not  limited  to  criticality  analyses 
or  the  DSVM.  The  premise  for  this  statement  can  be  found  in  the  V/L  process 
structure,  discussed  earlier  in  this  paper.  All  events,  through  the  determination 
of  degraded  capabilities,  are  engineering  observables  or  measurables;  that  is,  one 
could  physically  observe  or  measure  these  phenomena  in  the  field.  Consequently, 
there  are  a  number  of  additional  uses  for  fault  trees  that  would  permit  analyses 
across  the  spectrum  of  Army  concerns  for  a  combat  system  based  on  the  same  set. 
This  would  increase  clarity  about  which  capabilities  are  important  and  provide  a 
tool  for  communication  among  the  analysis  community.  Several  such  applications 
will  be  discussed  in  this  paper.  These  are  the  1)  Reliability,  Availability,  and 
Maintainability  (RAM)  analyses;  2)  Nuclear,  Biological  and  Chemical  (NBC)  Con¬ 
tamination  Survivability;  3)  Operational  Requirements  Documents  (ORDs);  4) 
comparison  of  analytical  with  experimental;  and  5)  force-level  wargames. 

a.  RAM  Analysis.  An  area  the  BVLD  is  investigating  is  the  extension  of 
fault  tree  analysis  to  address  the  problem  of  RAM.  An  effort  is  underway  to  iden¬ 
tify  the  commonalities  between  the  vulnerability  and  reliability  analysis  tech¬ 
niques.  The  use  of  fault  tree  analysis  would  not  only  clarify  the  capabilities  of 
concern  for  the  combat  system  but  provide  the  same  starting  point  for  both  vul¬ 
nerability  and  RAM  analyses.  Although  the  "damage"  mechanisms  may  be 
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different,  the  effect  on  the  combat  system’s  functionality  should  be  the  same  for  a 
given  set  of  lost  components.  To  investigate  the  feasibility  of  this  proposition,  the 
BVLD,  in  FY92,  formed  a  working  group  with  the  Army  Materiel  Systems 
Analysis  Activity  (AMSAA)  Reliability,  Availability,  and  Maintainability  Division 
(RAMD)  to  address  problems  such  as  familiarization  with  each  other’s  analytical 
methods  and  determination  of  a  single  nomenclature  for  use  in  both  V/L  and 
RAM  analyses.  In  addition,  the  BVLD  and  RAMD  are  continuing  FY92  work 
with  the  U.S.  Army  Armor  School  to  apply  fault  tree  analysis  to  the  determina¬ 
tion  of  failure  criteria  for  the  M1A2  armored  fighting  vehic’e  and  the  Armored 
Gun  System  (AGS). 

The  initial  premise  at  the  beginning  of  this  effort  was  that  the  methods  for 
assessing  the  damage  may  take  different  approaches  but  should  yield  the  same 
results.  Both  analyses  are  concerned  with  determining  remaining  combat  system 
capability  once  a  component  becomes  nonfunctional.  That  is,  both  must  assess 
combat  system  damage.  The  V/L  analyst  determines  the  lethality  of  a  weapon  or 
the  vulnerability  of  a  combat  system  in  terms  of  functional  damage;  the  RAM 
analyst  determines  the  reliability  of  the  combat  system  by  investigating  func¬ 
tional  failures.  To  do  this,  both  analysts  must  develop  an  understanding  of  com¬ 
ponent  interrelationships  and  relate  these  components  to  the  system’s  required 
capabilities.  While  the  V/L  analyst  is  concerned  with  critical  components,  that 
is,  components  required  to  allow  mission  performance,  the  RAM  analyst  is  con¬ 
cerned  with  all  components,  regardless  of  the  effect  on  mission  performance.  For 
example,  the  commander’s  seat  is  noncritical  in  terms  of  mission  performance  for 
a  V/L  analysis  and,  therefore,  is  not  considered  during  the  analysis.  However,  a 
RAM  analysis  needs  to  assess  the  commander’s  seat  in  order  to  determine  whether 
or  not  it  meets  its  reliability  criteria.  The  components  of  concern  for  the  V/L 
analyst  are  a  subset  of  those  of  concern  to  the  RAM  analyst.  Once  the  capability 
levels  are  identified  and  the  fault  trees  developed,  each  analyst  could  select  those 
fault  trees  applying  to  his/her  analysis. 

The  objective  of  the  initial  BVLD/RAMD  investigation,  conducted  in  FY02, 
was  to  determine  if  the  two  methods  yielded  the  same  results  and  to  investigate 
the  differences  and  similarities  in  order  to  determine  where  the  two  processes 
could  be  combined.  The  initial  effort  established  the  functional  loss  of  the  MlAl 
for  a  given  set  of  killed  components,  selected  from  a  recent  vulnerability  analysis. 
This  set  of  killed  components  was  used  by  both  reliability  and  vulnerability 
analysts  to  assess  which  functions  on  the  vehicle  were  affected.  Each  used  his 
normal  procedures.  For  the  vulnerability  analyst,  the  criticality  analysis  of  the 
MlAl  was  consulted;  a  general  discussion  of  criticality  analyses  was  provided  ear¬ 
lier  in  this  report.  The  reliability  analyst  made  use  of  the  RAM-D  Failure  Cri¬ 
teria  Document  for  the  MlEl  tank  as  well  as  conversations  with  the  MlAl  pro¬ 
ject  manager.  The  RAM-D  failure  criteria  use  block  diagrams  which  group  com¬ 
ponents  by  function,  e.g.,  mobility,  fire  control,  etc.  This  allows  the  analyst  to 
show  the  relationship  between  the  function  and  the  components  that  make  up  the 
function.  A  description  is  then  developed  for  the  block  diagram,  which  contains 
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narrative  representations  of  the  basic  functions  followed  by  failure  modes  of  the 
hardware  associated  with  the  function.  This  description  reports  which  com¬ 
ponents  cause  functional  loss,  functional  degradation,  or  have  no  effect  at  all. 

Once  the  individual  analyses  were  completed,  the  results  were  compared. 
Although  there  appeared  to  be,  in  general,  no  disagreement  in  assessed  functional 
loss,  the  different  processes  and  nomenclature  made  it  difficult  to  be  certain.  The 
reliability  assessment  provided  more  specific  information  on  functional  loss,  but 
required  more  effort  than  the  vulnerability  approach.  Generally,  the  comparisons 
were  fairly  straightforward,  however,  some  difficulties  did  arise.  Examples  are 
d  splayed  in  Figure  5  with  a  discussion  provided  below.  The  first  example  lists  a 
specific  cable  lost.  According  to  the  M1A1  criticality  analysis,  the  loss  of  this 
cable  results  in  the  loss  of  the  gunner’s  primary  sight  (GPS)  -  thermal  imaging 
sight  (TIS).  The  RAM  functional  loss  description  reads  "l)  opens  cable  disconnec¬ 
tion  at  the  thermal  receiver,  thermal  power  unit,  fire  control  malfunction  will 
come  on;  2)  disables  power  between  thermal  power  control  unit  and  thermal 
receiver."  This  represents  a  fairly  good  comparison.  However,  not  all  were  this 
good.  In  some  instances,  components  contributed  to  more  than  one  function  and 
thus  were  described  in  more  than  one  narrative  section,  depending  upon  the  func¬ 
tion  being  described.  Unless  the  RAM  analyst  knew  this  a  priori,  not  all  lost 
functions  may  be  identified.  For  example,  one  component  identified  as  nonfunc¬ 
tional  was  the  GPS,  which  is  composed  of  both  optics  and  electronics.  Because 
these  are  handled  separately,  the  RAM  analyst  identified  functional  loss  relating 
to  the  optics,  that  is,  "loss  of  day  and  night  target  sighting  capability  for  accurate 
main/coax  weapon  laying  using  the  GPS";  the  electronics  were  not  included.  How¬ 
ever,  the  V/L  analyst,  using  the  criticality  analysis,  identified  four  lost  systems: 
all  power  traverse,  all  power  elevation,  GPS-day  and  GPS-TIS,  and  target  range. 
A  second,  more  common  problem,  dealt  with  matching  functions  selected  by  the 
ai.alyst  when  developing  their  criteria.  For  example,  the  loss  of  the  computer 
electronics  unit  resulted  in  the  loss  of  all  power  elevation  and  all  power  traverse 
in  the  criticality  analysis.  The  description  from  the  failure  criteria  document  read 
"loss  of  ability  to  calculate  ballistic  corrections".  It’s  unclear  if  the  two  analysts 
were  describing  the  same  functions. 

During  the  conduct  of  this  corrl^arison,  it  became  clear  that  one  set  of  com¬ 
bat  system  capabilities  should  be  identified  early  in  the  developmental  cycle  as 
identification  of  required  combat  system  capabilities  is  conducted  for  all  facets  of 
system  analyses,  to  include  VL,  RAM,  and  logistics.  Techniques  employed  have 
not  been  consistent  across  organizations,  most  likely  due  to  a  lack  of  realization 
by  the  various  analysts/project  managers  of  the  inherent  similarities,  resulting  in 
the  development  of  different  capability  requirements  for  different  applications. 
Developing  the  list  of  required  capabilities  early  in  the  cycle  would  avoid  the 
aforementioned  comparison  problems  as  well  as  provide  the  basis  for  all  subse¬ 
quent  analyses  of  the  combat  system. 
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Figure  5.  Example  Problems  from  VL/RAM  Comparisons 


These  examples  indicate  that  the  use  of  fault  tree  analysis  could  make  the 
RAM  process  easier  and  faster.  Additionally,  if  fault  trees  for  a  given  combat  sys¬ 
tem  were  developed  jointly  by  ARL  and  AMSAA  analysts,  early  in  the  analytical 
process,  some  of  the  differences  in  answers  could  be  avoided,  or  more  easily 
accounted.  As  a  result,  BVLD  and  RAMD  agreed  to  a  joint  effort  aimed  at 
developing  common  standards  and  practices  for  the  identification  of  required 
combat  system  capabilities,  the  components  that  contribute  to  each  capability, 
and  the  interrelationship  of  these  components  to  overall  system  functionality  and 
impact  when  the  component  (or  subassembly)  is  lost  or  partially  lost.  This  effort 
is  intended  to  develop  a  standard  technique  for  use  by  all  organizations.  Develop¬ 
ment  of  this  technique  will  enhance  the  Army’s  ability  to  provide  detailed  and 
consistent  system  capability  requirements  across  the  spectrum  of  analyses.  In 
addition,  savings  can  be  identified  in  terms  of  both  time  and  money  by  the  reduc¬ 
tion  of  duplication  of  effort.  It  is  anticipated  that  this  effort  will  be  the  starting 
point  for  all  subsequent  combat  system  analyses  to  include  vulnerability,  RAM, 
logistics,  survivability,  and  effectiveness. 

b.  NBC  Contamination  Survivability.  The  BVLD  performed  an 
analysis  to  determine  the  effects  of  the  chemical  contamination/decontamination 
cycle  on  component  hardness  (Juarascio  1992).  One  objective  of  this  effort  was  to 
assess  the  feasibility  of  utilizing  the  conventional  vulnerability  tools,  i.e.,  fault 
trees,  ICE/ICU,  and  the  DSVM,  in  conjunction  with  the  Chemical/Biological 
Information  Analysis  Center  (CBIAC)  database,  and  if  possible,  develop  a  test 
case  example  to  illustrate  the  form  of  the  analytical  results.  The  M1A1  tank,  the 
vehicle  analyzed  in  the  initial  DSVM  analysis,  was  chosen  as  the  illustrative  exam¬ 
ple  for  the  purpose  of  identifying  needed  modeling  and  database  improvements  to 
support  a  robust  assessment  of  the  chemical  contamination  hardness  criterion. 
The  use  of  fault  tree  analysis  and  the  DSVM  lent  themselves  to  this  type  of 
analysis  because,  while  the  damage  mechanisms  which  cause  loss  of  system  func¬ 
tioning  vary  between  chemical  and  conventional  threats,  the  resultant  degrada¬ 
tion  in  system  performance,  given  the  loss  of  the  same  set  of  components,  should 
not  be  different. 

Hardness  is  defined  as  the  ability  of  a  system  to  withstand  the  material 
damaging  effects  of  NBC  contamination  and  the  procedures  and  agents  required 
to  decontaminate  the  item.  Materiel  developed  to  perform  mission-essential  func¬ 
tions  shall  be  hardened  to  ensure  that  degradation  over  a  30-day  period  of  no 
more  than  20%>  (or  other  value  designated  by  the  combat  developer  based  on 
approved  rationale)  in  selected  quantifiable  mission-essential  performance  charac¬ 
teristics  is  caused  by  five  exposures  to  NBC  contaminants,  decontaminants,  and 
decontaminating  procedures  encountered  in  the  field  (AR  70-71  1984). 

The  idea  was  to  evaluate  different  events  (either  contamination  of  the  item 
or  the  subsequent  decontamination)  and  to  determine  the  amount  of  degradation 
to  susceptible  system  materials  and  thus  the  probability  of  the  critical  component 
failing.  The  analysis  was  limited  to  exterior  components  for  a  number  of  reasons. 
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First,  as  this  was  a  test  case,  the  problem  was  simplified  by  the  exclusion  of  inte¬ 
rior  components.  Most  importantly,  though,  it  eliminated  the  classification  res¬ 
triction  associated  with  the  description  of  M1A1  interior  components. 

The  exterior  components  analyzed  in  this  test  case  were  the  following: 
commander’s  sight,  commander’s  vision  blocks,  gunner’s  primary  and  thermal 
imaging  sights.  Of  interest  was  the  effect  of  the  chemical  agent  on  the  physical 
properties  (transmittance,  haze,  and  resistance  to  optical  abrasion)  of  the  glass 
portions  of  these  components. 

The  components  were  assessed  as  either  failed  (combat  ineffective)  or  noi 
failed  (combat  effective)  based  on  achieving  some  predefined  critical  property 
degradation  given  specific  system  application.  Using  this  information,  component 
damage  vectors  were  derived  for  use  in  the  DSVM.  The  DSVM  mapped  these 
failed  components  through  the  capability  levels  to  determine  which  degradation 
levels  were  achieved.  The  results  of  the  DSVM  analysis  could  then  be  used  to 
identify  whether  or  not  the  vehicle  met  the  hardness  criterion  or  to  identify 
benefits  of  choosing  different  material  types.  Although  still  in  progress,  initial 
results  of  this  analysis  indicate  that  the  conventional  methodology  can  be  adapted 
for  chemical  contamination  hardness  assessment,  given  sufficient  data  for  the 
Level  1  to  Level  2  mapping  become  available. 

Although  not  complete,  some  conclusions  can  be  drawn  from  this  analysis. 
The  prediction  of  the  degraded  state  of  a  system;  given  contamination  and  decon¬ 
tamination  and  their  estimated  frequency  of  occurrence,  given  the  conditions  of 
evaluation  as  set  forth  by  the  hardness  criterion;  would  allow  the  project  manager 
to  quantify  system  degradation  and  provide  a  means  for  determining  effective 
ways  to  maximize  system  hardness.  Establishment  of  a  baseline  set  of  damage 
vectors  and  variations  on  the  estimated  probabilities  of  failure  as  a  function  of 
material  application  could  serve  to  show  how  changes  in  material  choice  would 
change  the  baseline  frequency  distribution.  Additionally,  variations  on  the  design 
of  the  system  to  introduce  system  redundancies  (as  reflected  by  changes  in  the 
fault  tree  description)  could  serve  to  quantify  changes  in  system  hardness 
independent  of  changes  in  material  choice  when  perhaps  the  option  to  utilize 
different  materials  does  not  exist. 

Development  of  this  methodology  for  NBC  contamination  survivability 
assessment  would  provide  an  analytical  tool  for  the  system  designer  in  determin¬ 
ing  which  component  losses  will  result  in  failure  of  the  system  to  meet  the  NBC 
contamination  hardness  criterion.  It  may  then  be  used  to  determine  improve¬ 
ments  in  overall  system  survivability  given  appropriate  changes  in  material  appli¬ 
cations  or  perhaps  in  system  design. 
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c.  ORDs.  An  additional  application  of  fault  trees  is  the  determination  of 
performance  criteria  for  ORDs.  Per  DOD  5000. 2M,  an  ORD  is  a  formatted  state¬ 
ment  containing  performance  and  related  operational  parameters  for  a  proposed 
concept  or  system.  The  initial  ORD  will  describe  each  concept  proposed  at  Mile¬ 
stone  I  to  include  terms  of  minimum  acceptable  requirements  that  define  the  sys¬ 
tem  capabilities  needed  to  satisfy  the  Mission  Need  Statement.  The  ORD  is 
updated  and  expanded  for  Milestone  II  to  include  thresholds  and  objectives  for 
more  detailed  and  refined  performance  capabilities  and  characteristics.  These 
updates  are  based  on  the  results  of  the  trade-off  studies  and  testing  conducted 
during  Phase  I  (Demonstration  and  Validation).  The  ORD  is  then  used  to 
develop  the  system’s  requirements  for  contract  specification  through  each  acquisi¬ 
tion  cycle. 

One  of  the  major  objectives  of  the  ORD  is  to  define  the  required  perfor¬ 
mance  capabilities  and  requirements.  These  definitions  are  to  include  a  perfor¬ 
mance  objective  which  represents  a  measurable,  beneficial  increase  in  capability 
or  operations  and  supports  the  minimum  acceptable  level  specified  in  the  docu¬ 
ment.  Historically,  though,  these  performance  objectives  have  been  defined  in 
terms,  usually  probability  of  kill  (PKs),  which  are  both  physically  unmeasurable 
and  sufficiently  vague  in  quantification.  Because  of  these  inherent  problems, 
definition  of  the  requirements  in  terms  of  the  system’s  required  capabilities  would 
provide  well-defined,  measurable  performance  objectives.  As  an  example,  the 
application  of  the  DSVM  approach  to  the  Advanced  Field  Artillery  System 
(AFAS)  will  be  discussed.  This  work  was  initially  performed  at  the  direction  of 
the  Program  and  Vulnerability  Assessment  Office  of  the  Secretary  of  the  Army 
for  Research,  Development,  and  Acquisition  (SARDA).  (It  should  be  noted  that 
this  approach  works  just  as  well  for  lethality  [i.e.,  missiles]  as  it  does  for 
vulnerability /survivability  of  combat  systems.  Thus,  the  use  of  the  term  "combat 
system"  implies  any  system  which  can  be  described  in  terms  of  required  capabili¬ 
ties.) 


The  AFAS  is  the  future  self-propelled  howitzer,  designed  as  the  replacement 
for  the  M109A6  Paladin.  The  proposed  ORD  for  AFAS  was  reviewed  with 
selected  performance  requirements  rewritten  in  terms  of  required  capabilities.  As 
neither  the  firepower  nor  the  mobility  requirements  were  described  in  terms  of 
physically  measurable  quantities,  suggestions  were  made  as  to  how  these  require¬ 
ments  could  be  rewritten.  Firepower,  for  example,  could  be  expressed  in  terms  of 
lower  and  upper  bounds  of  an  acceptable  level  as  shown  in  Table  2. 

TABLE  2.  Example  Firepower  Requirements 


Requirement:  Rate  of  Fire 
Acceptable  levels: 

Upper  bound:  at  least  12  rounds/minutc  for  5  minutes 
Lower  bound:  not  less  than  6  rounds/minutc  for  5  minutes 


16 


The  same  type  of  physical,  or  engineering,  metric  could  be  applied  to  the  mobility 
requirement.  For  example,  speed  could  be  defined  in  terms  of  the  required  (and 
desired)  level  for  different  environments,  i.e.,  at  least  40  miles/hour  in  European 
rolling  hills  or  25  miles/hour  ii  Southwest  Asian  desert. 

The  quantification  of  the  requirement  in  terms  of  engineering  metrics  per¬ 
mits  easier  evaluation  as  to  whether  or  not  the  requirement  has  been  met.  The 
benefits  of  this  approach  are  numerous.  First,  the  requirements  are  expressed  in 
terms  of  capabilities  which  can  be  explicitly  measured  and  which  are  separated 
into  the  different  capability  categories  (i.e.,  mobility,  firepower  and  acquisition). 
It  provides  a  means  for  the  user  to  prioritize  the  capabilities  most  worth  preserv¬ 
ing  as  well  as  provides  greater  insight  into  the  military  utility  of  the  system. 
Most  importantly,  it  provides  greater  clarity  as  the  user  and  developer  of  the  sys¬ 
tem  discuss  trade-offs  between  what  capability  is  wanted  versus  what  can  be 
affordably  built. 

d.  Analytical  Versus  Experimental  Comparisons.  Most  of  this  paper 
has  focused  on  the  analytical  techniques  employed  in  vulnerability  modeling. 
However,  important  applications  in  the  area  of  experimental  data  also  exist.  The 
approach  promulgated  in  this  paper  provides  an  excellent  means  by  which  to 
evaluate  both  live  fire  experimental  data  and  potential  shot  locations  prior  to 
actual  firings.  Pre-shot  predictions  allow  the  evaluator  to  select  the  most  mean¬ 
ingful  shots;  thus  shots  which  may  provide  minimal  data  can  be  eliminated,  or 
shots  which  may  result  in  catastrophic  loss  of  the  system  can  be  postponed  until 
the  end  of  the  shot  series. 

Most  importantly,  a  combination  of  experiments  and  modeling  can  be 
employed  to  maximize  the  characterization  of  system  performance  while  minimiz¬ 
ing  the  cost  of  such  characterization.  To  do  so,  modeling  must  be  developed 
such  that  it  parallels  the  testing  process.  This,  in  fact,  is  the  policy  of  the  13VLI) 
as  evidenced  by  the  development  and  promulgation  of  the  V/L  Process  Structure 
discussed  earlier  in  this  paper.  When  the  modeling  parallels  testing,  one  can 
model  a  number  of  threat/target  interactions  and  then  do  selective  testing  to  see 
how  well  the  modeling  parallels  the  testing  outcome. 

The  use  of  fault  trees  allows  one  to  get  to  Level  3  in  the  V/L  process  as  well 
a.s  provides  an  interim  step  between  Levels  2  and  4.  Modeling  from  Level  2  to 
Level  1,  as  done  with  the  traditional  Standard  Damage  Assessment  List  (SDAL), 
does  not  parallel  live  fire  testing  (LFT).  Thus,  one  cannot  relate  the  damage  from 
the  LFT  to  the  loss  of  function  value  provided  by  the  SDAL  or  even  to  battlefield 
utility;  there  is  no  direct  comparison  between  the  two.  The  fault  trees,  in  tandem 
with  the  V/L  process,  provide  the  means  for  this  direct  comparison;  it  is  the 
inclusion  of  Level  3  which  makes  this  possible. 
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e.  Force-Level  Wargames.  The  modeling  of  system  functionality  with 
fault  trees,  in  concert  with  the  DSVM,  also  has  consequences  for  force-level 
modeling.  It  permits  a  more  accurate  portrayal  of  the  system’s  remaining  capa¬ 
bilities  as  a  result  of  nonfunctional  components,  either  through  combat  damage  or 
failure.  As  currently  modeled,  the  system  is  either  fully  functional  or  fully  non¬ 
functional.  A  more  realistic  approach  would  be  to  model  the  system  as  still  func¬ 
tional  but  in  a  degraded  operational  mode.  This  would  result  in  a  system  remain¬ 
ing  in  the  engagement  longer  and  possibly  affecting  the  outcome  of  the  game.  In 
addition,  information  from  Level  2,  component  damage,  would  provide  detailed 
information  on  damaged  parts,  thus  providing  more  accurate  data  on  spare  parts 
requirements  and  the  need  for  battle  damage  repair.  A  joint  effort  between 
BVLD  and  the  Training  and  Doctrine  Command  (TRADOC)  Analysis  Center 
(TRAC)  at  White  Sands  Missile  Range  is  currently  investigating  the  inclusion  of 
DSVM  metrics  in  JANUS-A  and  the  resulting  affect  on  the  wargame.  This  effort 
will  provide  a  clearer  picture  as  to  the  benefits  of  fault  tree  analysis  in  force-level 
models. 


7.  Future  Requirements 


It  is  envisioned  that  the  process  discussed  in  this  paper  can  be  improved  by 
the  inclusion  of  a  continuous  function  representing  component  functionality. 
Although  better  than  previous  models,  the  "go,  no  go"  decision  of  component 
functionality  is  not  realistic.  A  component  can  suffer  damage  and  still  continue  to 
function.  For  example,  how  does  one  handle  the  problem  of  a  crimped  cable 
when  the  cable  is  still  functioning  though  not  at  100%.  The  modeling  of  such 
phenomena  will  be  part  of  the  future  effort  to  expand  both  fault  tree  analyses  and 
the  DSVM  as  well  as  the  extension  of  these  models  to  the  areas  discussed  in  this 
report.  Current  thinking  is  to  allow  for  additional  Boolean  arithmetic  such  as 
"exclusive  or",  "maximum"  and  "minimum.  This  would  permit  more  detailed  and 
realistic  modeling  of  the  combat  system  and  its  critical  subsystems.  In  addition, 
instead  of  separate  fault  trees  representing  capability  levels,  one  extensive  event 
tree  could  be  developed  to  represent  the  entire  system;  branches/nodes  could  then 
be  weighted  according  to  some  mission  under  consideration.  (Note,  the  event  tree 
would  include  fault  trees  representing  various  system  capabilities.)  Figure  G  is 
provided  as  an  example  of  how  this  system  event  tree  might  look. 


8.  Summary 

Fault  tree  analysis  is  a  critical  part  of  the  vulnerability/lethality  rramcwork. 
It  provides  the  fundamental  information  on  a  combat  system’s 
subsystcm/componciit  interrelationships  and  its  required  capabilities  as  well  as  a 
starting  point  for  all  subsequent  analyses  of  the  system. 

As  this  report  discusses,  fault  tree  analysis  provides  an  ideal  tool  for  analyz¬ 
ing  a  combat  system’s  functionality  throughout  the  various  levels  of  the  V/L  pro¬ 
cess  structure.  To  this  end,  it  provides  an  ideal  device  for  communications 
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speed 
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Figure  6.  Example  of  Single  System  Fault  Tree 


between  concerned  participants.  The  initial  effort  required  to  define  the  fault 
trees  clarifies  the  required  functions  of  the  combat  system  as  well  as  reduces  the 
need  for  subjective  judgements  later  in  the  process.  This,  in  turn,  leads  to  fewer 
misunderstandings,  particularly  before  major  milestones  or  reviews.  The 
approach  also  allows  V/L  modeling  to  parallel  the  testing  process.  As  a  result,  at 
any  level,  the  modeling  can  be  reviewed  for  its  adequacy  in  predicting  live-fire 
testing  outcomes.  In  addition,  many  types  of  testing  may  be  reduced  to  deter¬ 
mining  which  trees  are  broken  under  initial  conditions  of  interest. 

Finally,  both  fault  tree  analysis  and  the  general  V/L  process  structure  have 
applications  in  areas  outside  the  realm  of  vulnerability/lethality,  as  evidenced  by 
the  discussions  within  this  report.  The  ability  to  clarify  the  operational  require¬ 
ments  of  a  system  by  identifying  its  required  functions  provides  a  sound  basis  for 
communications  between  the  user  and  the  developer  throughout  the  acquisition 
life  cycle  of  the  system.  The  same  analytical  approach  can  be  applied  to  RAM 
and  Battle  Damage  Repair  Analysis  (the  subject  of  a  forthcoming  report)  which 
allows  one  to  evaluate  the  major  aspects  of  the  acquisition  cycle  using  the  same 
process.  This  overall  improvement  in  communications  and  analysis  can  only 
improve  the  Army’s  ability  to  provide  timely,  credible  analyses. 
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ATTN:  AMSTA-RSC, 

John  Bennett 
Wally  Mick 

Warren,  MI  48397-5000 
1  Commander 

U.S.  Army  Tank-Automotive  Command 
ATTN:  AMSTA-RSK,  Sam  Goodman 
Warren,  MI  48090-5000 

1  Commander 

U.S.  Army  Tank- Automotive  Command 
ATTN:  AMSTA-RY,  Ron  Beck 
Warren,  MI  48397-5000 

2  Commander 

U.S.  Army  Tank-Automotive  Command 
ATTN:  AMSTA-ZE,  R.  Asoklis 
AMSTA-ZS,  D.  Rees 
Wanen,  Ml  48397-5000 

1  Office  of  the  PEO,  Armored  Sys  Mod 
ATTN:  SFAE-ASM-CV,  Brian  Bonkosky 
Warren,  MI  48397-5000 

1  Commander 
HQ,  TRADOC 

ATYN:  Assistant  Deputy  Chief 

of  Staff  for  Combat  Operations 
Fort  Monroe,  VA  23651-5000 

1  Commander 
TRADOC 

ATTN:  ATAN-AP,  Mark  W.  Murray 
Fort  Monroe,  VA  23651-5143 
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Copies  Organization 
1  Director 

U.S.  Army  Cold  Regions  Research  and 
Development  Laboratory 
ATTN:  Technical  Director,  Lewis  Link 
72  Lyme  Road 
Hanover,  NH  03755 

1  U.S.  Army  Corps  of  Engineers 

Assistant  Director  Research  and  Development 
Directorate 
ATTN:  Mr.  B.  Benn 
20  Massachusetts  Ave.,  NW 
Washington,  DC  20314-1000 

1  Commander 

U.S.  Army  Operational  Test  and  Evaluation 
Agency 

ATTN:  MG  Stephenson 
4501  Ford  Ave. 

Alexandria,  VA  22302-1458 

1  Commander 

U.S.  Army  Operational  Test  and  Evaluation 
Agency 

ATTN:  LTC  Gordon  Crupper 
4501  Ford  Ave.,  #870 
Alexandria,  VA  22302-1435 

1  Commander 

U.S.  Army  Vulnerability  Assessment  Laboratory 

ATTN:  SLCVA-CF,  Gil  Apodaca 

White  Sands  Missile  Range,  NM  88002-5513 

2  Director 
TRAC-WSMR 

ATTN:  ATRC-RD,  McCoy 

ATRC-WEC,  P.  Shugart 
White  Sands  Missile  Range,  NM  88002-5502 

2  U.S.  General  Accounting  Office 

Program  Evaluation  and  Methodology  Division 
ATTN:  Robert  G.  Orwin 
Joseph  Sonncfcld 
Room  5844 
441  G  St.,  NW 
Washington,  DC  20548 


No.  of 

Copies  Organization 

1  Director 

U.S.  Army  Model  Improvement  and  Study 
Management  Agency 
ATTN:  SFUS-MIS,  Eugene  P.  Visco 
1900  Half  Street,  SW,  Rm  L101 
Washington,  DC  20324 

2  Director 

U.S.  Army  Industrial  Base  Engineering  Activity 
ATTN:  AMXIB-MT 

AMXIB-PS,  Steve  McGlone 
Rock  Island,  IL  61299-7260 

3  Director 

U.S.  Army  Engineer  Waterways 
Experiment  Station 
ATTN:  WESEN, 

Dr.  V.  LaGardc 
Mr.  W.  Grabau 

WESEN-C,  Mr.  David  Meeker 
P.O.  Box  631 

Vicksburg,  MS  39180-0631 

1  U.S.  Army  Engineer  Topographic  Laboratories 

ATTN:  Technical  Director,  W.  Boge 
Fort  Bclvoir,  VA  22060-5546 

1  Commander 

Carderock  Division 

Naval  Surface  Warfare  Center 

ATTN:  Code  1702,  Mr.  Robert  Wundcrlick 

Bethcsda,  MD  20084-5000 

1  Commander 

Carderock  Division 
Naval  Surface  Warfare  Center 
ATTN:  Code  1740.2,  Mr.  F.  Fisch 
Bethcsda,  MD  20084-5000 

1  Director 

Lawrence  Livermore  National  Laboratory 
ATTN:  Mark  Wilkins,  L-3321 
P.O.  Box  808 
Livermore,  CA  94551 
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3  Director 

Los  Alamos  National  Laboratory 
ATTN:  MS  985,  Dean  C.  Nelson 
MS  F600,  Gary  Tictgcn 
MS  G787,  Terrence  Phillips 
P.O.  Box  1663 
Los  Alamos,  NM  87545 

1  Director 

Los  Alamos  National  Laboratory 

ATTN:  MS  F681,  LTC  Michael  V.  Zichmn 

USMC 

P.O.  Box  1668 

Los  Alamos,  NM  87545 

1  Director 

Sandia  National  Laboratories 
Department  913 
ATTN:  Ron  Andreas 
Albuquerque,  NM  87185-5800 

1  Director 

Sandia  National  Laboratories 
Division  1611 
ATTN:  Tom  James 
Albuquerque,  NM  87185 

1  Director 

Sandia  National  Laboratories 
Division  1623 
ATTN:  Larry  Hostetler 
Albuquerque,  NM  87185 

1  Director 

Sandia  National  Laboratories 
ATTN:  Gary  W.  Richter 
P.O.  Box  969 
Livermore,  CA  94550 

1  Commander 

U.S.  Naval  Air  Systems  Command 
JTCG,  AS  Centml  Office 
ATTN:  5164J.J.  Jolley 
Washington,  DC  20361 


No.  of 

Copies  Organization 

1  Commander 

ADR  Program  Manager 
CODE  AIR-411121 
ATTN:  Tom  Furlough 
Naval  Air  Systems  Command 
Washington,  DC  20361-4110 

1  Commander 

U.S.  Naval  Ocean  Systems  Center 
ATTN:  Earle  G.  Schwcizer,  Code  000 
San  Diego,  CA  92151-5000 

1  Commander 

Dahlgren  Division 
U.S.  Naval  Surface  Warfare  Center 
ATTN:  Code  G13,  Tom  Wasmund 
Dahlgren,  VA  22448-5000 

1  Commander 

Dahlgren  Division 
U.S.  Naval  Surface  Warfare  Center 
ATTN:  Code  G102,  Glen  Hombakcr 
Dahlgren,  VA  22448-5000 

1  Commander 
Dahlgren  Division 

U.S.  Naval  Surface  Warfare  Center 
ATTN:  Code  J33,  George  Williams 
Dahlgren,  VA  22448-5000 

2  Commander 

U.S.  Naval  Surface  Warfare  Center 
ATTN:  Frank  Fassnacht,  Code  N15 

Norma  D.  Holland,  Code  R-14 
10901  New  Hampshire  Ave. 

Silver  Spring,  MD  20903-50 X) 

1  Command-  r 

Naval  Surface  Warfare  Center 
ATTN:  M.  John  Timo 
10509  Edgefield  Drive 
Adclphi,  MD  20783-1130 

2  Commander 

U.S.  Naval  Weapons  Center 
ATTN:  Code  3951, 

Jay  Butterworth 
Dr.  Helen  Wang 
Bldg.  1400,  Room  B20 
China  Lake,  CA  93555 
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5  Commander 

U.S.  Naval  Weapons  Center 
ATTN:  David  H.  Hall,  Code  3181 

Mark  D.  Alexander,  Code  3894 
Melvin  H.  Keith,  Code  35104 
Tim  Horton,  Code  3386 
Robert  Cox,  Code  3517 
China  Lake,  CA  93555-6001 

1  Commander 

U.S.  Naval  Civil  Eng  Laboratories 
ATTN:  John  M.  Femtio,  Code  L53 
Port  Hueneme,  CA  93043 

1  Naval  Postgraduate  School 

Department  of  Aeronautics  and  Astronautics 
ATTN:  Professor  Robert  E.  Ball 
Monterey,  CA  93943 

1  Naval  Postgraduate  School 

Department  of  Computer  Science 
ATTN:  Dr.  Michael  J.  Zyda,  Code  52 
Monterey,  CA  93943-5000 

1  Commander 

Naval  Air  Systems  Command 
ATTN:  Philip  Weinberg 
JTCG/AS5 
AIR-5 16J5 

Washington,  DC  20361-5160 

1  Commander 

U.S.  Naval  Sea  Systems  Command 
ATTN:  William  G.  Boyce,  Code  56Y52 
Washington,  DC  20362 

1  Commander 

U.S.  Naval  Sea  Systems  Command 
ATTN:  Granville  W.  Broome 
SEA  501 1 

2521  Jefferson  Davis  Highway 
Arlington,  VA  22202 

1  Commander 

U.S.  Naval  Sea  Systems  Command 
ATTN:  Philip  M.  Covich 
SEA  55X 

Washington,  DC  20362-5101 


2  Commander 

U.S.  Naval  Sea  Systems  Command 
ATTN:  CPT  Charles  Calvano  USN 
Robert  Keane,  Jr. 

SEA  50 

Washington,  DC  20362-5101 

2  Commander 

U.S.  Naval  Sea  Systems  Command 
ATTN:  Oliver  F.  Braxton 

Donald  Ewing,  Code  503 
2521  Jefferson  Davis  Highway 
Arlington,  VA  22202 

1  Commander 

U.S.  Naval  Sea  Systems  Command 
ATTN:  Anthony  F.  Johnson 
SEA  05R2 

Washington,  DC  20362-5101 

1  Commander 

U.S.  Naval  Sea  Systems  Command 
ATTN:  CPT  William  E.  Mahew  USN 
PMS  423 

Washington,  DC  20362-5101 

1  Commander 

U.S.  Naval  Sea  Systems  Command 
ATTN:  Carl  H.  Pohler,  Code  05R23 
Washington,  DC  20362-5101 

1  Commander 

U.S.  Naval  Sea  Systems  Command 
ATTN:  CPT  R.  Percival  USN 
SEA  05T 

2521  Jefferson  Davis  Highway 
Arlington,  VA  22202 

1  Commander 

U.S.  Space  and  Naval  Warfare  Systems 
Command 

ATTN:  Paul  Wcsscl,  Code  30T 
Washington,  DC  20363-5100 

1  Office  of  Naval  Technology 
ATTN:  David  J.  Siegel 
800  N.  Quincy  Street 
Arlington,  VA  22217-5000 
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1  Commander 

Eglin  Air  Force  Base 
AD/ENL 

ATTN:  Robert  L.  Stovall 
Eglin  AFB.FL  32542 

1  Commander 

USAF  HQ  ESD/PLEA 
Chief,  Engineering  and  Test  Division 
ATTN:  Paul  T.  Courtogloe.3 
Hanscom  AFC,  MA  01730 

2  Commander 
AFATL 
ATTN:  AGA, 

Lawrence  Jones 
Mickie  Phipps 
Eglin  AFB.FL  32542-5434 

1  WL/MNMW  (Mr.  John  A.  Collins) 

Eglin  AFB.FL  32542 

1  Commander 
AFEWC 

ATTN:  AFEWC/SAXE,  Bod  Eddy 
Kelly  AFB.TX  78243-5000 

1  Commander 
AFWAL/AARA 
ATTN:  Ed  Zclano 
Wright-Pattcrson  AFB,  OH  45433 

1  Commander 
AFWAL/FIES 

ATTN:  James  Hodges  Sr. 
Wright-Pattcrson  AFB,  OH  45433-6523 

2  Commander 
AFWAL/MLTC 

ATTN:  LT  Robert  Carringcr 
Dave  Judson 

Wright-Pattcrson  AFB,  OH  45433-6533 

1  Commander 
ASB/XRM 

ATTN:  Gerald  Bennett 
Martin  Lentz 

Wright-Pattcrson  AFB,  OH  45433 


No.  of 

Copies  Organization 

1  Commander 
WRDC/AARA 
ATTN:  Michael  L.  Bryant 
Wright-Pattcrson  AFB,  OH  45433 

1  Commander 
FTD/SDMBA 
ATTN:  Charles  Darnell 
Wright-Pattcrson  AFB,  OH  45433 

1  Commander 
FTD/SDMBU 
ATTN:  Kevin  Nelson 
Wright-Pattcrson  AFB,  OH  45433 

1  Commander 
FTD/SQDRA 
ATTN:  Greg  Koesters 
Wright-Pattcrson  AFB,  OH  45433-6508 

1  Commander 
FTD 

ATTN:  Tom  Reinhardt 
Wright-Pauerson  AFB,  OH  45433 

1  Commander 
FTD/SDAEA 
ATTN:  Joe  Sugruc 
Wright-Pattcrson  AFB,  OH  45433 

1  Commander 
AFWAL/AARA 
ATTN:  Vincent  Vcltcn 
Wright-Pattcrson  AFB,  OH  45433 

1  Commander 
FTD/SQDRA 
ATTN:  Larry  E.  Wright 
Wright-Pattcrson  AFB,  OH  45433 

1  Commander 
AD/CZL 

ATTN:  James  M.  Heard 
Eglin  AFB,  FL  32542-5000 

1  Commander 
AD/ENYW 

ATTN:  Jim  Richardson 
Eglin  AFB,  FL  32542-5000 
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1  Commander 

Air  Force  Armament  Laboratory 
ATTN:  ArATL/DLY,  James  B.  Flint 
Eglin  AFB,  FL  32542-5000 

1  Commander 

U.S.  Army  FSTC/CA3 
ATTN:  Scott  Mingledorff 
220  Seventh  Avc. 

Charlottesville,  VA  22901-5396 

1  Commander 

U.S.  Army  FSTC  (UK) 

ATTN:  MAJ  Nigel  Williams 
220  Seventh  Ave. 

Charlottesville,  VA  22901-5396 

1  Commander 

U.S.  Army  FSTC 
ATTN;  Dr.  Tim  Small 

220  Seven tli  Ave. 

Charlottesville,  VA  22901-5396 

1  Director 

Defense  Intelligence  Agency 
ATTN:  DIW^B3,  Jay  Haglcr 
Washington,  DC  20340-6763 

1  Dirclor 

U.S.  Army  TRADOC  Analysis  Command 
ATTN:  ATRC 

White  Sands  Missile  Range,  NM  88002-5502 
1  Director 

U.S.  Army  TRADOC  Analysis  Command 
ATTN:  ATRC-LS,  Mr.  Grecnhill 
Fort  Lee,  VA  23801-6140 

1  Commander 

U.S.  Army  Combined  Arms  Combat 
Development  Activity 
ATTN:  ATZL-CAI-S,  Mrs.  Durkes 
Fort  Leavenworth,  KS  66027-5300 

1  Commander 

U.S,  Army  Combined  Arms  Training  Activity 
ATTN:  ATZL-TAS-P,  MAJ  Smith 
Fort  Leavenworth,  KS  66027-7000 


1  Commandant 

U.S.  Army  Air  Defense  Artillery  School 
ATTN:  ATSA-DTN-SY 
Fort  Bliss,  TX  79916-7090 

1  Commandant 

U.S.  Army  Air  Defense  Artillery  School 
ATTN:  ATSA-CDC 
Fort  Bliss,  TX  79916-7090 

1  Commandant 

U.S.  Army  Armor  School 
ATTN:  ATSB-CD 
Fort  Knox,  KY  40121-5215 

1  Commandant 

U.S.  Army  Chemical  School 
ATTN:  ATZN 

Ft.  McCiellan,  AL  30205-5020 

1  Commandant 

U.S.  Army  Field  Artillery  School 

ATTN:  ATSF 

Fort  Sill,  OK  73503-5600 

1  Commander 

U.S.  Army  John  F.  Kennedy  Special  Warfare 
Center  and  School 
ATTN:  ATSU-CD 
Fort  Bragg,  NC  28307-5000 

1  Commandant 

U.S.  Army  Ordnance  Missile  and  Munitions 
Center  and  School 
ATTN:  ATSK-CD 
Redstone  Arsenal,  AL  35897-6500 

I  Commander 

U.S.  Army  Signal  Center  and  Fort  Gordon 

ATTN:  ATZH-CDC 

Fort  Gordon,  GA  30905-5000 

1  Assistant  Commandant 

U.S.  Army  Transportation  School 

ATTN:  ATSP-CDC 

Fort  Eustis,  VA  23601-5393 
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1  Commander 

HQ  U.S.  Army  Aviation  Center  and  Fort  Rucker 

ATTN:  ATZQ-CDC 

Fort  Rucker,  AL  36362-5000 

1  Commander 

HQ  U.S.  Army  Aviation  Center  and  Fort  Rucker 
ATTN:  ATZQ-TDS-SM 
Fort  Rucker,  AL  36362-5000 

1  Director 

U.S.  Army  Concepts  Analysis  Agency 
8120  Woodmont  Ave. 

Bethesda,  MD  20814-2797 

2  Institute  for  Defense  Analyses  (IDA) 

ATTN:  Mr.  Irwin  A.  Kaufman 

Mr.  Arthur  O.  Kresse 
1801  N.  Beauregard  St. 

Alexandria,  VA  22311 

1  Institute  for  Defense  Analyses 

ATTN:  Carl  F.  Kussack 
1005  Athens  Way 
Sun  City,  FL  33570 

1  Institute  for  Defense  Analyses 
ATTN:  Dr.  Natarajan  Subramonian 
14309  Hollyhock  Way 
Burtonsville,  MD  20866 

2  ADPA 

ATTN:  Donna  R.  Alexander 
Bill  King 

Two  Colonial  Place,  Suite  400 
2101  Wilson  Blvd. 

Arlington,  VA  22201-3061 

1  ARC  Professional  Services  Group 
ATTN:  Arnold  R.  Gritzke 
5501  Backlick  Road 
Springfield,  VA  22151 

2  Aero  Corporation 
ATTN:  David  S.  Eccles 

Gregg  Snyder 
P.O.  Box  92957,  M4/913 
Los  Angeles,  CA  90009 


•  No.  of 

Conies  Organization 

1  AFELM,  The  Rand  Corporation 
ATTN:  Library-D 

1700  Main  St 

Santa  Monica,  CA  90406 

2  Air  Force  Wright  Aeronautical  Labs 
ATTN:  CDJ, 

CPT  Jost 
Josei  h  Faison 

Wright-Patterso  i  AFB,  OH  45433-6523 

1  Alliant  Techsystems,  Inc, 

ATTN:  Hatem  Nasr 
Systems  and  Research  Center 
3660  Technology  Drive 
P.O.  Box  1361 
Minneapolis,  MN  55418 

2  Alliant  Techsystems,  Inc. 

ATTN:  Raymond  H.  Burg 

Laura  C.  Diilway 
MN38-4000 

10400  Yellow  Circle  Drive 
Minnetonka,  MN  55343 

1  Analysis  and  Technology 

ATTN:  RADM  Thomas  M.  Hopkins  USN  (Ret) 
1113  Carper  St. 

McLean,  VA  22101 

1  Armored  Vehicle  Technologies 

ATTN:  Coda  M.  Edwards 
P.O.  Box  2057 
Warren,  MI  48090 

1  ASI  Systems,  International 

ATTN:  Dr.  Michael  Stamatelatos 
3319  Lone  Jack  Road 
Encinitas,  CA  92024 

1  Battel Ic  Research  Laboratory 

ATTN:  TACTEC  Library,  J.  N.  Huggins 
505  King  Ave. 

Columbus,  OH  43201-2693 

1  Battcllc  Research  Laboratory 

Defense  and  Space  Systems  Analysis 
ATTN:  Dr.  Richard  K.  Thatcher 
505  King  Ave. 

Columbus,  OH  43201-2693 
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1  Battelle  Research  Laboratory 

ATTN:  Bernard  J.  Tullington 
1300  N.  17th  St..  Suite  1520 
Arlington,  VA  22209 

1  Battelle 

Edgewood  Operations 
ATTN:  Roy  Golly 
2113  Emmorton  Park  Road 
Edgewood,  MD  21040 

1  The  BDM  Corporation 

ATTN:  Edwin  J.  Dorchak 
7915  Jones  Branch  Drive 
McLean,  VA  22102-3396 

1  Bell  Helicopter,  Textron 

ATTN:  Jack  R.  Johnson 
P.O.  Box  482 
Fort  Worth,  TX  76101 

3  BMY,  Division  of  Harsco 

ATTN:  William  J.  Wagner,  Jr. 

Ronald  W.  Jenkins 
Ed  Magalski 
P.O.  Box  1512 
York,  PA  17404 

1  Board  on  Army  Science  and  Technology 

National  Research  Council 
Room  MH  280 
2101  Constitution  Ave.,  NW 
Washington,  DC  20418 

1  .Boeing  Aerospace 

ATTN:  Dr.  Robert  Chiavctta 
MS  8K17 
P.O.  Box  3999 
Seattle,  WA  98124-2499 

1  Boeing  Military  Airplanes 

ATTN:  MS  K80-08,  Jerry  White 
P.O.  Box  7730 
Wichita,  KS  67277-7730 

1  Booz-Allcn  and  Hamilton,  Inc. 

ATTN:  Dr.  Richard  B.  Benjamin 
Suite  131,  4141  Colonel  Glenn  Highway 
Dayton,  OH  45431 


No.  of 

Copies  Organization 

1  Booz-AUen  and  Hamilton,  Inc. 

ATTN:  Lee  F.  Mallclt 

1300  N.  17th  St.,  Suite  1610 
Rosslyn,  VA  22209 

2  Booz-Allcn  and  Hamilton,  Inc. 

ATTN:  John  M.  Vice 
WRDC/FIVS/SURVIAC 
Bldg  45,  Area  B 

Wright-Patterson  AFB,  OH  45433-6553 

I  John  Brown  Associates 

ATTN:  Dr.  John  A.  Brown 
P.O.  Box  145 

Berkeley  Heights,  NJ  07922-0145 

1  Chamberlain 

ATTN:  Mark  A.  Sackett 
P.O.  Box  2545 
Waterloo,  IA  50704 

1  Commander 

Combined  Arms  Combat  Development 
ATTN:  ATZL-CAP,  LTC  Morrison 
Director,  Surv  Task  Force 
Fort  Leavenworth,  KS  66027-5300 

1  Commander 

Combined  Arms  Combat  Development 
ATTN:  ATZL-HFM,  Dwain  Skelton 
Fort  Leavenworth,  KS  66027-5300 

1  Computer  Sciences  Corporation 

Integrated  Systems  Division 
ATTN:  Abner  W.  Lee 
9668  Highway  20  West,  Suite  1 
Madison,  AL  35758 

1  CRS  Sininc,  Inc. 

ATTN:  Dr.  James  C.  Smith 
P.O.  Box  22427 
1177  West  Loop  South 
Houston,  TX  77227 

2  Cypress  International 
ATTN;  August  J.  Caponccchi 

James  Logan 
1201  E.  Abingdon  Drive 
Alexandria,  VA  22314 


34 


No.  of 
Copies 

1 
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1 
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1 
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Organization 

Commander 

Naval  Surface  Warfare  Center 

ATTN:  UERD,  Code  177,  Robert  E.  Fuss 

Portsmouth,  VA  23709-5000 

Commander 

Carderock  Division 

Naval  Surface  Warfare  Center 

ATTN:  Code  1210,  Seymour  N.  Goldstein 

Bethesda,  MD  20084-5000 

Commander 

U.S.  Army  Nuclear  and  Chemical  Command 
ATTN:  MONA-CM,  J.  Walters 
7500  Backlick  Rd.,  Bldg  5073 
Springfield,  VA  22150-3198 

Defense  Nuclear  Agency 
Structural  Dynamics  Section 
ATTN:  Tom  Tsai 
Washington,  DC  20305 

Denver  Research  Institute 
BW  228 

ATTN:  Lawrence  G.  Ullyatt 
2050  E.  Iliff  Ave. 

Denver,  CO  80208 

Eichclberger  Consulting  Company 
ATTN:  Dr.  Robert  Eichelbcrger,  President 
409  West  Catherine  St 
Bel  Air,  MD  21014 

Electronic  Warfare  Associates,  Inc. 

ATTN:  William  V.  Chiaramonte 
2071  Chain  Bridge  Road 
Vienna,  VA  22180 

Emprise,  Ltd 

ATTN:  Bradshaw  Armendl,  Jr. 

201  Crafton  Road 
Bel  Air,  MD  21014 

Environmental  Research  Institute  of  Michigan 

ATTN:  Mr.  K.  Augustyn 

P.O.  Box  134001 

Ann  Arbor,  MI  481134001 


No.  of 

Copies  Organization 

1  E-OIR  Measurements,  Inc. 

ATTN:  Russ  Moulton 
P.O.  Box  3348,  College  Station 
Fredericksburg,  VA  22402 

1  ERIM 

ATTN:  Stephen  R.  Stewart 
Exploitation  Applications  Department 
Image  Processing  Systems  Division 
P.O.  Box  8618 
Ann  Arbor,  MI  48107-8618 

1  USA  ETL/IAG 

ATTN:  Jim  Campbell 
Bldg.  2592,  Room  S16 
Fort  Belvoir,  VA  22060-5546 

1  FMC  Corporation 

ATTN:  Sidney  Kraus 
1105  Coleman  Ave.,  Box  1201 
San  Jose,  CA  95108 

1  FMC  Corporation 

ATTN:  RonaldS.  Beck 
881  Martin  Ave. 

Santa  Clara,  CA  95052 

1  BDM  International 

ATTN:  Mr.  Steve  Church,  FX2B307 
7915  Jones  Branch  Drive 
McLean,  VA  22102-3396 

1  BDM  International 

ATTN:  Mr.  Tom  Hooker,  FF2B304 
7915  Jones  Branch  Drive 
McLean,  VA  22102-3396 

1  FMC  Corporation 

Naval  Systems  Division  (NSD) 
ATTN:  MK45,  Randall  Ellis 
4800  East  River  Road 
Minneapolis,  MN  55421-1498 

1  FMC  Corporation 

Northern  Ordnance  Division 
ATTN:  M3- 11,  Barry  Brown 
4800  East  River  Road 
Minneapolis,  MN  55421-1498 
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2  FMC  Corporation 

Ordnance  Engineering  Division 
ATTN:  H.  Croft 

M.  Hatcher 

1 105  Coleman  Ave.,  Box  1201 
San  Jose,  CA  95108 

1  GE  Aircraft  Engines 

ATTN:  Dr.  Roger  B.  Dunn 
One  Neumann  Way,  MD  J185 
Cincinnati,  OH  45215-6301 

1  General  Dynamics  Land  Systems 

ATTN:  MZ-4362055,  Gary  Jackman 
P.O.  Box  2074 
Warren,  MI  48317 

1  General  Dynamics  Corporation 

ATTN:  MZ-2650,  Dave  Bergman 
P.O.  Box  748 

Fort  Worth,  TX  76101-0748 

1  General  Motors  Corporation 

Research  Laboratories 
ATTN:  J.  Boyse 
Warren,  MI  48090 

1  Allison  Gas  Turbine  Division 

General  Motors  Corporation 
ATTN:  John  A.  MacBain,  Ph  D.,  Supervisor 
Low  Observables  Technology 
P.O.  Box  420,  Speed  Code  W-16 
Indianapolis,  IN  46206-0420 

1  California  Institute  of  Technology 

Jet  Propulsion  Laboratory 
ATTN:  D.  Lewis 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 

1  Kaman  Sciences  Corporation 

ATTN:  Timothy  S.  Pendergrass 
600  Boulevard  South,  Suite  208 
Huntsville,  AL  35802 

1  Ketron,  Inc. 

ATTN:  Robert  S.  Bennett 

901  Dulaney  Valley  Road,  Suite  220 

Baltimore,  MD  21204-2600 


No.  of 

Copies  Organization 

1  Logistics  Management  Institute 
ATTN:  Edward  D.  Simms  Jr. 

6400  Goldsboro  Road 
Bethesda,  MD  20817-5886 

1  LTV  Aerospace  and  Defense  Company 
ATTN:  Daniel  M.  Reedy 
P.O.  Box  655907 
Dallas,  TX  75265-5907 

1  Martin  Marietta  Aerospace 

ATTN:  MP-1 13,  Dan  Dorfman 
P.O.  Box  555837 
Orlando,  FL  32855-5837 

1  McDonnell  Douglas  Astronautic 

ATTN:  Nikolai  A.  Louie 
5301  Bolsa  Ave. 

Huntington  Beach,  CA  92647 

1  McDonnell  Douglas,  Inc. 

ATTN:  David  Hamilton 

P.O.  Box  516 

St.  Louis,  MO  63166 

1  McDonnell  Douglas,  Inc. 

ATTN:  Alan  R.  Parker 
3855  Lakewood  Blvd.,  MC  35-18 
Long  Beach,  CA  90846 

1  NFK  Engineering,  Inc. 

ATTN:  Dr.  Michael  P.  Pakstys 
4200  Wilson  Blvd. 

Arlington,  VA  22203-1800 

1  NASA-Amcs  Research  Center 

ATTN:  Dr.  Alex  Woo 
MS  227-2 

Moffett  Field,  CA  94035-1000 

1  NASA-Amcs  Research  Center 

ATTN:  Leroy  Presley 
MS  227-4 

Moffett  Field,  CA  94035-1000 

1  NAVIR  DEVCON 

ATTN:  Frank  Wcnograd,  Code  6043 
Walminstor,  PA  18974 
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Oklahoma  State  University 
College  of  Engineering,  Architecture 
and  Technology 

ATTN:  Thomas  M,  Browder,  Jr. 

P.O.  Box  1925 
Eglin  AFB,  FL  32542 

Rome  Air  Development  Center 
ATTN:  RADC/IRRE,  Peter  J.  Costianes 
Griffis  Air  Force  Base,  NY  13441-5700 

Rome  Air  Development  Center 
RADC/OCTM 

ATTN:  Edward  Starczcwski 
Building  106 

Griffis  Air  Force  Base,  NY  13441-5700 
SAIC 

ATTN:  Dr.  Alan  J.  Toepfer 
2301  Yale  Blvd.,  SE 
Albuquerque,  NM  87106 

SAIC 

ATTN:  Terry  Keller 
Suite  200 

1010  Woodman  Drive 
Dayton,  OH  45432 

SAIC 

ATTN:  David  R.  Garfinkle 
Malibu  Canyon  Business  Park 
26679  W.  Agoura  Road,  Suite  200 
Calabasas,  CA  91302 

George  Sharp  Company 
ATTN:  Dennis  M.  McCarley 
2121  Crystal  Drive 
Suite  714 

Arlington,  VA  22202 

Sidwcll-Ross  and  Associates,  Inc. 

ATTN:  LTG  Marion  C.  Ross,  (USA  Ret) 
Executive  Vice  President 
P.O.  Box  88531 
Atlanta,  GA  30338 

Sigma  Research,  Inc. 

ATTN:  Dr.  Richard  Bossi 
4014  Hampton  Way 
Kent,  WA  98032 


No.  of 

Copies  Organization 

1  Southwest  Research  Institute 

ATTN:  Martin  Goland 
P.O.  Drawer  28255 
San  Antonio,  TX  78228-0255 

1  Sparta,  Inc. 

ATTN:  David  M.  McKinley 
4901  Corporate  Drive 
Huntsville,  AL  35805-6201 

1  SRI  International 

ATTN:  Donald  R.  Curran 
333  Ravenswood  Ave. 

Menlo  Park,  CA  94025 

1  Star  Laboratory,  Stanford  University 

Electrical  Engineering  Department 
ATTN:  Dr.  Joseph  W.  Goodman 
233  Durand  Building 
Stanford,  CA  94305-4055 

1  TASC 

ATTN:  Richard  E.  Kinsler 
1992  Lewis  Turner  Boulevard 
Fort  Walton  Beach,  FL  32548-1255 

1  TASC 

ATTN:  COL  James  Logan  (Ret) 

1 101  Wilson  Blvd. 

Suite  1500 

Arlington,  VA  22209 

1  Tcledync  Brown  Engineering 

ATTN:  John  W.  Wolfsbcrgcr,  Jr. 
Cummings  Research  Park 
300  Sparkman  Drive,  NW 
P.O.  Box  070007 
Huntsville,  AL  35807-7007 

1  United  Technologies  Corporation 

Advanced  Systems  Division 
ATTN:  Richard  J.  Holman 
10180  Tclcsis  Court 
San  Diego,  CA  92121 

1  The  Johns  Hopkins  University 

Applied  Physics  Laboratory 
ATTN:  Jonathan  Fluss 
Johns  Hopkins  Road 
Laurel,  MD  20707 
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LTV  Missiles  and  Electronics  Group 
ATTN:  Roger  W.  Melin 
P.O.  Box  650003 
MS  EM-36 

Dallas,  TX  75265-0003 

Wackenhut  Applied  Technologies  Center 
ATTN:  Robert  D.  Carpenter 
10530  Rosehaven  St. 

Suite  500 

Fairfax,  VA  22030-2877 

Westinghouse 
ATTN:  Harvey  Klochn 
Box  1693 
MS  8530 

Baltimore,  MD  21203 

SURVICE  Engineering 
ATTN:  Jim  Foulk 

George  Large 
Glenn  Gillis 
Kris  Keller 
Suite  103 

1003  Old  Philadelphia  Road 
Aberdeen,  MD  21001 

Georgia  Institute  of  Technology 
ATTN:  Dr.  Richard  Moore 
ECSL/EME 

ERB  Building,  Room  1 1 1 
Atlanta,  GA  30332 

Georgia  Institute  of  Technology 
ATTN:  Dr.  L.G.  Callahan,  Jr, 

School  of  Industrial  &  Systems  Engineering 
765  Ferst  Drive 
Atlanta,  GA  30332-0385 

Mr.  Abraham  Golub, 

DA  Consultant 

203  Yoakum  Parkway,  Apt.  607 
Alexandria,  VA  22304 

Mr.  Dave  Hardison, 

ASB  Consultant 
3807  Bent  Branch  Road 
Falls  Church,  V A  22041 


No.  of 

Copies  Organization 

1  Mr.  William  M.  Hubbard. 

ASB  Consultant 
613  Eastlake  Drive 
Columbia,  MO  65203 

1  Mr.  Charles  E.  Joachim, 

DA  Consultant 
P.O.  Box  631 
Vicksburg,  MS  39180 

1  Dr.  Edward  R.  Jones, 

DA  Consultant 
9881  Wild  Deer  Road 
St.  Louis,  MO  63124 

1  MG  Robert  Kirwan  (USA  Ret), 

DA  Consultant 
10213  Grovewood  Way 
Fairfax,  VA  22032 

1  Dir,  TEXCOM  FSTP 

ATTN:  STE-TFS-Z,  Donald  J.  Krejcarek 
Ft.  Sill,  OK  73503-6100 

1  Mr.  Robert  B.  Kurtz, 

DA  Consultant 
542  Mcrwins  Lane 
Fairfield,  CT  06430-1920 

1  LTGEN  Howard  W.  Leaf 

USAF  (Retired) 

8504  Brook  Road 
McLean,  VA  22101 

1  Dr.  Roy  A.  Lucht 

Group  M-B,  MS-J960 
Los  Alamos,  NM  87545 

1  Mr.  Donald  F.  Mcnne, 

DA  Consultant 
617  Foxcroft  Drive 
Bel  Air,  MD  21014 

1  Mr.  Richard  C.  Mcssingcr 

Vice  President  and  Chief  Technical 
Officer 

Cincinnati  Mailacron,  Inc. 

Cincinnati,  OH  45209 
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GEN  Glenn  Otis  USA  (Ret) 

Coleman  Research  Corporation 

5950  Lakehurst  Dr.  12 

Orlando,  FL  32819 

MG  Peter  G.  Olenchuk  (USA  Ret), 

BAST  Consultant 
6801  Baron  Road 
McLean,  VA  22101 

Mr.  Albert  E.  Papazoni, 

DA  Consultant 
1600  Surrey  Hill  Drive 
Austin,  TX  78746-7338 

Harry  Reed,  Sr.,  5 

Battelle  Consultant 
138  Edmund  St. 

Aberdeen,  MD  21001 

Dr.  A.E.  Schmidlin, 

DA  Consultant 
28  Highview  Road 

Caldwell,  NJ  07006-5502  1 

Mr.  Robert  G.S.  Sewell 

1236  Ml  Whitney  lane  4 

Ridgecrest,  CA  93555 

MIMEX  Corporal  ion 
ATTN:  Mr.  Charles  S.  Smith 
9  Doaks  Lane 
Marblehead,  MA  01945 

Mr.  Arthur  Stein, 

BAST  Consultant 
30  Chapel  Woods  Court 
Williamsville,  NY  14221-1816 

Dr.  Dora  Strother, 

ASB  Consultant 
3616  Landy  Lane 
Fort  Worth,  TX  76118 

Mr.  Charles  F.  Tiffany 
9  Westerly  Lane 
Centerville,  OH  45458 


Organization 

Aberdeen  Proving  Ground 

Dir,  USAMSAA 

ATTN:  AMXSY-A,  W.  Clifford 
AMXSY-C,  A.  Reid 
AMXSY-CR,  M.  Miller 
AMXSY-CS,  P.  Beavers 
AMXSY-G, 

J.  Kramar 
G.  Comstock 
AMXSY-GA,  W.  Brooks 
AMXSY-J,  A.  LaGrange 
AMXSY-L,  J.  McCarthy 
AMXSY-RA,  R.  Scungio 

Cdr,  USATECOM 

ATTN:  AMSTE-CG 

AMSTE-TA-L, 

A.  Yankolonis 
N.  Harrington 
S.  Grill 

AMSTE-TC-C,  R,  Cozby 

Cdr,  CBDA 

ATTN:  SCBRD-RTC,  P.  Grasso 

Cdr,  USAOC&S 

ATTN:  ATSL-DES 

ATSL-DTD-CM 
ATSL-CD-TE 
ATSL-CD-BDAR  (Hoy) 
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USER  EVALUATION  SHEET/CHANGE  OF  ADDRESS 


This  Laboratory  undertakes  a  continuing  effort  to  improve  the  quality  of  the  reports  it  publishes.  Your 
comments/answers  to  the  items/questions  below  will  aid  us  in  our  efforts. 


1.  ARL  Report  Number 


ARL— TR-149 


Date  of  Report 


June  1993 


2.  Date  Report  Received _ 

3.  Does  this  report  satisfy  a  need?  (Comment  on  purpose,  related  project,  or  other  area  of  interest  for 

which  the  report  will  be  used.) _ 


4.  Specifically,  how  is  the  report  being  usitd?  (Information  source,  design  data,  procedure,  source  of 
ideas,  etc.) _ _  ~  ■■ _ 


5.  Has  the  information  in  this  report  led  to  any  quantitative  savings  as  far  as  man-hours  or  dollars  saved, 
operating  costs  avoided,  or  efficiencies  achieved,  etc?  If  so,  please  elaborate. _ 


6.  General  Comments.  What  do  you  think  should  be  changed  to  improve  future  reports?  (Indicate 
changes  to  organization,  technical  content,  format,  etc.) _ 


Organization 


CURRENT  Name 

ADDRESS _ 

Street  or  P.O.  Box  No. 


City,  State,  Zip  Code 

7.  If  indicating  a  Change  of  Address  or  Address  Correction,  please  provide  the  Current  or  Correct  address 
above  and  the  Old  or  Incorrect  address  below. 


Organization 


OLD  Name 

ADDRESS  _ 

Street  or  P.O.  Box  No. 


City,  State,  Zip  Code 

(Remove  this  sheet,  fold  as  indicated,  tape  closed,  and  mail.) 
(DO  NOT  STAPLE) 


Department  of  the  Army 


OFFICIAL  BUSINESS 


BUSINESS  REPLY  MAIL 

FIRST  CLASS  PERMIT  ft  0001,  AP5.  W 

Postage  aiII  Se  eaia  Sv  adore ssee 


Director 

U.S.  Army  Research  Laboratory 
ATTN:  AMSRL-OP-CI-B  (Tech  Lib) 
Aberdeen  Proving  Ground,  MD  21005-5066 


